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V a  . 
RELEASE NO: 79-131 
LIGHTNING APPARENT SOURCE OF ENVIRONMENTALLY IMPORTANT GASES 
Lightning may be a source of two environmentally s i g n i -  
f i c a n t  gases  i n  the  atmosphere. 
Laboratory tests conducted a t  NASA's Langley Research 
Center ,  Hampton, V a . ,  showed t h a t  an electrical d ischarge  
approximately equal  t o  t h a t  of l i g h t n i n g  can produce trace 
amounts of carbon monoxide and n i t r o u s  oxide. 
Although t h e  annual g loba l  rates of production d u e  t o  
l i g h t n i n g  appear t o  be seve ra l  o r d e r s  of magnitude below t h a t  
due t o  other sources ,  t h e  l e v e l  of n i t r o u s  oxide became t w i c e  
as  g r e a t  and carbon monoxide w a s  increased  100-fold i n  t h e  
v i c i n i t y  of t h e  l abora to ry  l i g h t n i n g  b o l t .  
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Carbon monoxide i n i t i a t e s  a complex series of chemical 
r e a c t i o n s  t h a t  are  bel ieved t o  lead  t o  t h e  production of 
b e n e f i c i a l  ozone i n  t h e  lower atmosphere, o r  troposphere,  a t  
a l t i t u d e s  from 1 0  t o  15 ki lometers  ( 6  t o  9 m i l e s ) .  
adds t o  t h e  a l r eady  l a r g e  man-made sources  of carbon monoxide. 
Lightning 
Nitrous oxide,  i r o n i c a l l y ,  is  harmful because it l eads  
t o  ozone des t ruc t ion .  
atmosphere, b u t  rises and d i f f u s e s  i n t o  the  s t r a tosphe re ,  and i s  
chemically transformed t o  a gas  t h a t  d e p l e t e s  t he  Ea r th ' s  
p r o t e c t i v e  ozone l aye r .  
I t  doesn ' t  des t roy  ozone i n  t h e  lower 
The highly-concentrated ozone l a y e r ,  about 24 km (15 m i . )  
above t h e  su r face  of t h e  Earth,  absorbs much of t h e  l e t h a l  
solar u l t r a v i o l e t  r a d i a t i o n ,  t hus  sh i e ld ing  i n h a b i t a n t s  of 
t h e  Earth.  
The m a j o r  source of  n i t r o u s  oxide i n  t h e  lower atmosphere 
i s  thought t o  r e s u l t  f r o m  the  a c t i o n  of microscopic b a c t e r i a  
on s o l i d  n i t rogen  compounds i n  t h e  so i l .  This  d i f f u s i o n  of 
n i t r o u s  oxide from the  s o i l  t o  t h e  s t r a tosphe re  t akes  about 
25 yea r s ,  so t h a t  it may be  s e v e r a l  decades before  a measure- 
a b l e  decrease  i n  t h e  ozone l aye r  can be de tec ted .  
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Nitrous oxide produced by l i gh tn ing ,  however, may t a k e  
only hours o r  days t o  reach  t h e  s t r a tosphe re ,  c a r r i e d  i n  t h e  
r ap id  updra f t s  of thunderstorms. Lightning f l a s h e s  an esti-  
mated 500 t i m e s  a second somehwere around t h e  Earth.  Tropica l  
thunderstorms, e s p e c i a l l y ,  may be  f requent  condui t s  of n i t r o u s  
oxide. 
NASA researcher D r .  Joel S. Levine and h i s  a s s o c i a t e s  
r epor t ed  on t h e  l i g h t n i n g  s t u d i e s ,  experimental  r e s u l t s  and 
t h e o r e t i c a l  c a l c u l a t i o n s .  
W i l l i a m  E. Howell, Materials Division; t h e  l a t e  Ron E.  Hughes, 
Bionet ics  Corp.; and Prof. W i l l i a m  L. Chameides, Univers i ty  
of F lor ida .  Levine is  i n  t h e  Atmospheric Environmental Sciences 
Divis ion of Langley. 
Working with him w e r e  Langley's 
Man's environmental r e s p o n s i b i l i t i e s  are not  lessened 
by t h e  f ind ing  of lightning-produced carbon monoxide and 
n i t r o u s  oxide,  according t o  Levine, "because w e  know t h a t  
man's ac t iv i t ies  are, i n  fact ,  a l t e r i n g  t h e  environment. 
Before w e  can assess man's impact f u l l y ,  however, w e  must 
understand t h e  n a t u r a l  processes ,  such as l igh tn ing ,  t h a t  
a l t e r  t h e  composition of t h e  E a r t h ' s  atmosphere." 
Information obtained by t h e  r ecen t  NASA Pioneer Venus 
space probe and U.S.S.R. Venera missions suggests  t h a t  l i g h t -  
ning is  a f e a t u r e  of t h e  Venus atmosphere. 
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T h e  discovery l e d  t o  t h e  suggest ion,  based on t h e o r e t i c a l  
c a l c u l a t i o n s ,  t h a t  l i g h t n i n g  may be a s i g n i f i c a n t  source of 
carbon monoxide i n  t h e  Venutian atmosphere. 
Levine and h i s  Langley a s s o c i a t e s  v e r i f i e d  t h e  t h e o r e t i c a l  
c a l c u l a t i o n s .  Measurements made i n  t h e  Lightning F a c i l i t y  and 
t h e  G a s  Analysis  Laboratory,  determined t h a t  carbon monoxide 
w a s  increased d rama t i ca l ly  i n  simulated Venutian atmospheric 
samples. 
Recent photographs of t h e  dark s i d e  of J u p i t e r ,  obtained 
by NASA's  Voyager spacec ra f t ,  i n d i c a t e  t h a t  l i g h t n i n g  a l s o  
may be a f e a t u r e  of the  Jovian atmosphere. 
I n  e a r l y  l i g h t n i n g  s t u d i e s ,  predat ing NASA, o t h e r  
r e s e a r c h e r s  discovered t h a t  l i g h t n i n g  may have been important 
i n  t h e  b i o l o g i c a l  processes  t h a t  l e d  t o  t h e  o r i g i n  of l i f e  on 
Ear th ,  by convert ing n i t rogen  i n  t h e  atmosphere f r o m  a gas  t o  
s o l i d  forms. They, i n  t u r n ,  w e r e  c a r r i e d  by r a i n  i n t o  t h e  
oceans. One group of those  s o l i d  forms of n i t rogen  would 
probably have been n i t r a t e s ,  e s s e n t i a l  bu i ld ing  blocks i n  
t h e  o r i g i n  of l i f e .  Lightning a lso may have suppl ied t h e  
energy t h a t  l e d  t o  t h e  formation of complex organic  molecules, 
t h e  precursors  of l i f e  on Earth. 
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Lightning w a s  known previous ly  t o  be a source of n i t r i c  
oxide,  a compound important t o  t h e  chemistry of t h e  lower 
atmosphere. N i t r i c  oxide molecules have a s i n g l e  n i t rogen  
atom ( N O ) ;  n i t r o u s  oxide has t w o  ( N 2 0 ) .  The production of 
gases  by l i g h t n i n g  r e s u l t s  f r o m  t h e  high temperatures which 
occur i n  t h e  electrical discharge.  
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